Introduction
Static and low frequency alternating (electro)-magnetic fields are com ponents o f the natural, but increasingly also of the man-m ade environment. Biological effects o f such fields have mostly been studied with animals with a focus on sensory and on possibly harm ful effects [1] [2] [3] [4] . W ork with plants is still com parably rare [5] [6] [7] [8] [9] [10] [11] .
There are wide local and tem poral fluctuations in the strength, direction and spectrum o f elec tromagnetic fields, but few are universal. One such field is the so-called Schumann resonance, a stand ing electromagnetic wave between the surface of the earth and higher strata o f the atm osphere [12] [13] . The ground-m ode of this global electromag netic field has a frequency of 7.8 Hz and it is fed by processes o f strong ionization on the surface of the earth (e.g. thunderstorm s) and ionizations, which result from interactions of high energy particles from outer space with the upper atm osphere and the earth's magnetic field.
We have recently begun to study magnetic field effects on plant and algal growth and develop ment, and concentrated on some characteristic fre quencies. Here we wish to report results which in dicate, that alternating magnetic fields with a fre quency of the Schumann ground-mode, 7.8 Hz, and strengths < 2 G show inhibitory effects on the growth of several freshwater green algae.
Materials and Methods

Algae
Chlorella kessleri (F ott et Noväkä, 211-11 h), Scenedesmus armatus (Chodat, 276-4 c) and Chla mydomonas reinhardtii (Dangeard, 11-32 b), were obtained from the "Algenbank der U niversität G öttingen" . Stock cultures were cultivated in liquid medium (after [14] for Chlorella and Scene desmus, TAP medium after [15] for Chlamydomo nas) under the light (2500 lux) of fluorescent tubes (Osram L36 W/25 and Phillips TLD L36W /25). No attem pts were made for synchronization.
Experimental set-up
Prior to the experiment proper, freshly inoculat ed algae were grown in 2 1 flasks for 7 -1 0 days. 50 ml of this preculture, which was still in the log phase, was then diluted 1:10 into fresh medium, and aliquots transferred immediately into 10 (8 in one experiment) sterile test tubes (1 8 x 1 .8 cm), which were plugged with sterile cotton wool. The cell densities, which were identical within the sta tistical error limits of the counting procedure (standard deviation 4.5%), were in the range of 0 .3 -3 x 105 cells/ml for Chlorella, 0.8 x 105 cells/ ml for Scenedesmus and 0.56 x 105 cells/ml for Chlamydomonas (Table I ). These culture tubes were arranged along the symmetry plane of 2 rec tangular Helmholtz coils (6 x 20 cm), which were positioned in a V-shaped geometry (Fig. 1) . The latter produced a roughly linear magnetic field 2. In a total of 4 experiments, the pigment com position was additionally determined by HPLC. The system consisted of a G ynkotek pump (model 300 C) and a 5 |i R P 18 column (0.46 x 25 cm, Alltech-RSL, elution with 90% m ethanol/10% water, flow rate 1.5 ml/min). The detection was done with a UV-VIS N IR diode array detector (HewlettPackard, HP 8451 A) set to the wavelengths of 360, 410, 436, 460, 470, 500, 640 and 660 nm, and controlled by a home-written program.
D ata evaluation was done with Supercalc 5 (Com puter Associates).
Results
Electromagnetic fields of frequencies as low as 7.8 Hz can not be generated easily in the laborato ry. In the current work, the magnetic com ponent was generated by two Helmholtz coils. The latter were arranged such that a series o f test tubes could be exposed to fields in the range o f i / max < 2 G (Fig. 1) . This arrangem ent allowed for the sim ulta neous growth o f up to 10 cultures within a field gradient. It has the advantage, that tem poral vari ations o f environm ental param eters, which may otherwise perturb the data, are equally experi enced by all samples.
The average cell multiplication rate was 1.13 d "1 (relative units, cj = 0.14) for Chlorella and Scenedesmus and 2.53 d~! (a = 0.22) for Chlamydomo nas, the absolute cell densities at the beginning of the actual experiment (after transfer to the field chamber) were in the range o f 0 .3 -3 x 106 cells/ml for Chlorella, 0.8 x 105 cells/ml for Chlamydomo nas and 0.56 x 105 cells/ml for the much larger Scenedesmus. The growth rates of the different experiments (as measured by cell division) showed considerable scatter over the individual tubes (Table I and Fig. 2 ). However, most of the experiments gave a common trend: The growth in the lower magnetic field regions appeared consistently higher than in higher magnetic field regions. This trend becomes m ore pronounced if the average over all experiments is taken for the sam ples grown under the same field strength. Fig. 3 shows these d ata for the 6 independent experi ments conducted with Chlorella. Several fits of the data were tested. The best linear fit shows a de crease by approx. 10% when going from 0.2 to 2 G field strength, which m ust be com pared with a standard deviation (averaged over the different field positions) o f 0.077. A better fit is obtained by a quadratic function, which peaks at about 1 G. However, in the absence o f a working hypothesis this gives only a m athem atical description o f the data, and only a m uch more detailed analysis can give a more precise function. Fig. 4 shows the combined data obtained with Scenedesmus and Chlamydomonas when treated in the same way. In this case the averages represent (normalized) data from 2 experiments with the 2 organisms. The decrease according to the best linear fit is 25% in the field range investigated (av erage standard deviation o f 0.064). A quadratic function peaking at about 0.7 G gives again a somewhat improved fit. We take the results with all three organisms as an indication that the growth of the alga investigated, is effected by the applied alternating magnetic field.
During four experiments, the chlorophyll con tents and the Chi a/b ratios were determined daily for every culture (group). The data (not shown) have a very strong scatter due to the small sample volumes available. Even if sometimes the same trend as for cell growth is indicated, there is no obvious correlation possible on this basis.
Discussion
Halpern [16] has studied the growth of Chlorella and Euglena in weak static magnetic fields. He gives only data for two ranges of field strengths: <10 G and > 10 G. Algae, which were grown by exposition in the lower field showed an accelerated growth in com parison with the cultures exposed to the higher field. In the experiments presented here, cell division was consistently less at the highest magnetic fields used (2 G) than at the lowest fields (0.2 G). Combined with the results presented here, these data indicate, that static as well as alternat ing weak magnetic fields have inhibitory effects on the growth o f green algae.
The m olecular origin for the effects of weak magnetic fields on living m atter are currently still unclear. The only well established mechanism is related to the presence o f small magnetic particles, e.g. in magnetobacteria [17] . To our knowledge, there are no reports on such particles in the algae investigated. Glaser [18] has investigated the elec tric coupling of cell membranes. W hen his theory is applied to cells the size of Chlorella, a response to low frequency fields (1 -2 0 0 Hz) could be ex pected [19] . However, this would not explain the results of Halpern [16] with static fields. A nother magnetic field effect is known for reactions involv ing the formation of triplet states by the "radical pair mechanism" (see e.g. [20, 21] ). However, these fields are stronger than the ones applied in this study, by 1 -2 orders o f magnitude. In addition to these "classical" mechanisms, coherent properties of living m atter have been invoked e.g. by W arnke and Popp [22] , but again there is currently no es tablished structural basis. Obviously in spite o f a growing evidence for magnetic field effects, much more work will be needed to understand their origins.
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